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Hypophosphaturia impairs the renal defense
against metabolic acidosis
HENRY N. HULTER
Renal Laboratory, Veterans Administration Medical Center, and Department of Medicine, University of Florida, Gainesville, Florida
Hypophosphaturia impairs the renal defense against metabolic acido-
sis. It is known that Pi normally provides the major source of non-NH3
urinary buffer and that Pi-buffered renal H excretion (titratable acid-
ity, TA) accounts for a large fraction of daily renal net acid excretion
(NAE). Whether the presence of luminal non-NH3 buffers is a pre-
requisite to normal renal regulation of systemic acid-base equilibrium
under any conditions has not been investigated. Accordingly, I inves-
tigated whether chronic renal regulation of plasma (p) [HCO3-l might
be impaired under conditions of normophosphatemic hypophospha-
tuna (NHP) produced by short-term dietary Pi restriction. During a
steady-state of HC1-induced acidosis in NaC1-replete NHP dogs (group
1A, N = 6), [HCO3Ip averaged 14.1 0.6 mEq/liter and arterial (a)
[H] averaged 54 2 nEq/liter. Substitution of K 2.5 mEq/kg as neu-
tral Pi for equivalent dietary KC1 for 7 to 8 days resulted in significant
amelioration of acidosis (z[HCO3 - ] +2.2 0.5 mEq/liter, P < 0.01;[H]a —6 2 nEq/liter, P < 0.01) in association with a cumulative
increment () in TA excretion (+ 103 mEq, P < 0.001) and NAE
(+ 22 mEq). To investigate whether Pi-induced amelioration of acido-
sis was related to enhanced urinary buffer capacity, an additional group
(group IB, N = 5) with NHP and chronic HC1 acidosis was adminis-
tered the non-Pi buffer, neutral creatinine (5.0 mmoles/kg daily). As
with Pi, acidosis was ameliorated by creatinine administration and
2NAE increased. These results indicate that normal renal regulation
of [HCO3]p during mineral acidosis is critically dependent on normal
diet-dependent Pj excretion rates and provide evidence that deficient
urinary Pi impairs renal acidification, even under normophosphatemic
conditions, owing to deficient luminal buffering of secreted H
L'hypophosphaturie altère La defense rénale contre une acidose
metabolique. Ii est connu que Pi constitue normalement la source prin-
cipale de tampons urinaires non-NH3 et que l'excrétion renale d'H
tamponné par le Pi (acidité titrable, TA) représente une grande frac-
tion de l'excrétion rCnale nette quotidienne d'acide (NAE). Que la
presence de tampons luminaux non-NH3 soit un prealable a une
regulation rénale normale de l'equilibre acido-basique dans toutes les
conditions n'a pas etC étudié. C'est pourquoi j'ai cherché si Ia
regulation rCnale chronique de [HCO3 -] plasmatique (p) pourrait être
altérée dans des conditions d'hypophosphaturie normo-phosphatém-
ique (NHP) produites par une courte restriction en Pi alimentaire. Pen-
dant une acidose induite par HC1 a l'equilibre chez des chiens NHP
replétés en NaCI (groupe 1A, N = 6), [HCO3-jp était en moyenne de
14,1 0,6 mEq/litre et [H] artériel (a) était en moyenne de 54 2
nEq/litre. La substitution de K 2,5 mEq/kg sous forme de Pi neutre
comme equivalent du KC1 alimentaire pendant 7 a 8 jours a entrainé
une amelioration significative de l'acidose ([HCO3]p + 2,2 0,5
mEq/litre, P < 0,01; z[H] a —6 2 nEq/litre, P < 0,01), associée a
une augmentation cumulative (4) de l'excrétion de TA (+ 103 mEq,
P < 0,001) et de NAE (+ 22 mEq). Afin de rechercher si l'amélioration
de I'acidose induite par Pi était reliée a un accroissement du pouvoir
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tampon des urines, un groupe supplementaire (groupe 1B, N = 5) avec
NHP et en acidose HC1 chronique a recu de Ia créatinine neutre (5,0
mmole/kg par jour), un tampon non P1. Comme avec Pi, l'acidose s'est
améliorée par l'administration de créatinine et NAE s'est élevée.
Ces résultats indiquent que Ia regulation rénale normale de [HC03]p
pendant une acidose minérale depend de facon critique d'excrétion
normale du Pi dépendant de l'alimentation et apportent Ia preuve qu'un
Pi urinaire insuffisant altère l'acidification rénale, même dans des con-
ditions normophosphatémiques ce qui conduit a un tamponnement
luminal insuffisant des H secretes.
Severe phosphate depletion with hypophosphatemia pro-
duced by prolonged dietary phosphorus restriction, with or
without the addition of oral phosphate-binding preparations,
has been reported to produce a spectrum of abnormalities of
renal and extrarenal acid-base homeostasis [1—4]. Studies in
both dogs and rats have demonstrated impaired renal bicarbo-
nate reabsorptive capacity [2, 3]. Based on observations of
subnormal net acid and ammonium excretory responses and
submaximal urinary acidity during both acute and chronic min-
eral acid loads, an impaired distal acidification mechanism has
been inferred in phosphate-depleted rats [1, 4]. Because uri-
nary trapping of ammonium has been reported to be defective
over a wide range of transepithelial hydrogen ion concentra-
tion gradients, an impairment in renal ammoniagenesis caused
by phosphate depletion has also been inferred [11. Despite evi-
dence of defective renal acidification, there are no reports of
significant acidemia in phosphate-depleted animals of any spe-
cies and not all investigators have found hypobicarbonatemia
[1, 4—71.
Despite numerous investigations of the acid-base effects of
prolonged phosphate restriction associated with severe phos-
phate depletion and hypophosphatemia, very little is known re-
garding the potential acid-base effects of hypophosphaturia in
the absence of severe phosphate depletion and hypophospha-
temia. Whereas no changes in plasma acid-base composition or
renal net acid excretion were observed in normophosphatemic
hypophosphaturic men under conditions of normal endogen-
ous acid production, the importance of hypophosphaturia has
not been assessed under conditions requiring increased renal
excretion of buffered hydrogen ion [51. Normal amounts of
luminal phosphate, by virtue of its properties as a urinary
buffer, as well as that of a poorly reabsorbable anion, might ex-
ert a significant tonic acid excretory effect in the presence of
limited non-phosphate urinary buffers (NH3). Because the
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nephron site of impairment in renal acidification associated
with deficient luminal buffering or deficient poorly reabsorb-
able anion would likely be a distal segment, for example, col-
lecting duct [8], 1 conducted the present experiments to evalu-
ate the acid-base effects of short-term hypophosphaturia in
dogs during chronic mineral acidosis, a disorder in which a
brisk augmentation of distal hydrogen ion secretory capacity is
thought to be responsible for renal regulation of plasma bi-
carbonate concentration at subnormal, but nonlethal, levels
[9—10]. The results of these studies indicate that the set point
at which the kidney regulates plasma bicarbonate concentra-
tion is significantly decreased in a model of normophosphate-
mic hypophosphaturia.
Methods
Plasma and urine acid-base and electrolyte composition were
determined in six female mongrel dogs weighing 14 to 21 kg.
Each dog was fed a constant amount (30 g per kg body wt per
day) of low electrolyte synthetic diet' homogenized with dis-
tilled water (60 mI/kg body weight) and supplemented with
specified amounts of sodium and potassium salts. Bovine fi-
brin was used as a low phosphorus protein source in the diet
for the purpose of restricting phosphorus intake to result in
hypophosphaturia. A prefeeding period of 3 to 14 days was ob-
tained prior to initiating experimental observations. Dogs that
failed to eat spontaneously were tube-fed. Balance observa-
tions were terminated if vomiting resulted in a cumulative loss
of greater than 100 ml. While the animals fasted, arterial blood
specimens were obtained at 9 A.M. percutaneously in heparin-
ized glass syringes from the femoral artery at 24- to 72-hr in-
tervals. Urine samples were collected over stainless steel sur-
faces into glass bottles containing mineral oil and thymol-
chloroform preservative. Values for urinary excretion data are
reported as normalized to 20 kg body wt.
Group JA. Effect of phosphate substitution for dietary
chloride on the renal and systemic acid-base response to
chronic hydrochloric acid administration
Period 1. Effect of chronic hydrochloric acid administration
in dogs with normophosphatemic hypophosphaturia (N = 6).
The objective of this protocol was to investigate the effects of
chronic mineral acid administration in animals with experimen-
tally induced reductions in urinary phosphate buffer excretion
rate. Accordingly, prefeeding and steady-state control periods
were obtained during which the dietary electrolyte supplement
consisted only of NaCI 1.0 mmole/kg and KC1 2.5 mmoles/kg
daily. Following a 6-day control period during which steady-
states of plasma and urinary acid-base and electrolyte compo-
'The diet consisted, by weight, of 10 parts dextrin (technical grade, East-
man Chemicals, Rochester, New York), 10 parts bovine fibrin (washed
10 times, U.S. Biochemicals, Cleveland, Ohio), 6 parts hydrogenated
vegetable oil (Crisco, Proctor and Gamble, Cincinnati, Ohio), 5.5 parts
dextrose, USP, 1.2 parts purified agar (Bacto-Agar, Difco Laborato-
ries, Detroit, Michigan), and 40 parts distilled water; iron (Fer-In-Sol,
0.6 ml/kg diet, Mead Johnson Laboratories, Evansville, Indiana), multi-
vitamins (Abdec, 0.6 mI/kg diet, Parke, Davis & Co., Detroit, Michi-
gan) and Ca * 0.7 mg/kg diet as CaCl2 were also added.
sition were documented, HCI 5.0 mmoles/kg were added to the
daily diet for a 7- to 8-day period.
Period 2. Effect of substitution of dietary phosphate for chlo-
ride (2.5 mEq/kg daily) during chronic hydrochloric acid ad-
ministration (N = 6). The objective of this experimental ma-
neuver was to assess the effects of prolonged restoration of a
normal phosphate excretion rate on renal and systemic acid-
base and electrolyte homeostasis. Accordingly, following the
establishment of a steady-state of hydrochloric acidosis, po-
tassium, 2.5 mEq/kg, as the neutral phosphate was substituted
in the daily diet for equivalent potassium chloride for a period
of 7 to 8 days.
Group lB. Effect of prolonged creatinine loading to dogs with
chronic normophosphatemic hypophosphaluria and
hydrochloric acidosis (N = 5)
This protocol was used to ascertain whether chronic creati-
nine buffer loading might ameliorate the severity of hydrochlo-
ric acidosis in phosphate-restricted dogs in a manner similar to
that observed in response to phosphate buffer loading (group
IA, period 2). Accordingly, in five of the dogs of group 1A an
additional 7-day period of phosphate restriction and hydrochlo-
ric acidosis was obtained in which the dietary electrolyte sup-
plements consisted of NaC1 1.0 mmole/kg, KCI 2.5 mmoles/kg,
and HC1 5.0 mmoles/kg daily (as in 1A, period 1). Following
the establishment of a steady-state of plasma and urinary acid-
base and electrolyte composition, creatinine 5.0 mmoles/kg
(pH 7.4) were added to the daily diet for a 7-day period.
Analytical procedures. All determinations were performed in
duplicate. Analytical methods used in this laboratory have
been described in previous reports [11, 12]. We have reported
previously that the colorimetric urinary ammonium method
used in the present studies [13] does not exhibit interference
from high concentrations of creatinine [14]. Net acid excretion
was calculated as the sum of urinary NH4 + and titratable acid-
ity minus HC03. Prior to and during the period of creatinine
loading (group 1B), titratable acidity was determined by titra-
tion with sodium hydroxide in carbon dioxide-free urine from
urine pH to blood pH. The anion gap in plasma was calculated
as (Na + K) minus (C1 + HC03). Statistical signifi-
cance was determined by the Student's t test [15].
Results
Group lA. Effect of phosphate substitution for dietary
chloride on the renal and systemic acid-base response to
chronic hydrochloric acid administration
Period I. Effect of chronic HC1 administration in dogs with
normophosphatemic hypophosphaturia. Oral hydrochloric acid
loading resulted in a sustained and significant decrease in
plasma bicarbonate concentration and increase in blood hydro-
gen ion concentration (Table 1). As previously reported in nor-
mophosphaturic animals [16], chronic hydrochloric acid admin-
istration resulted in a significant kaliuresis and sustained
hypokalemia (Table 2). Urine pH decreased significantly and
net acid excretion increased significantly.
Period2. Effect of substitution of dietary phosphatefor chlo-
ride (2.5 mEq/kg daily) during chronic hydrochloric acid ad-
ministration. Prolonged provision of dietary phosphate in sub-
stitution for dietary chloride did not result in a significant
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Table 1. Effect of substitution of dietary phosphate for chloride on plasma acid-base and electrolyte composition in phosphorus-restricted dogs
with chronic hydrochloric acidosisa
Anion
HC03 HCO3 gap Cl Na KHa PaCO2
Period nEqiliter mm Hg mEqiliter
P1 Creatinine
mgldl
Protein
gidI
.
Weight
kg
Group 1A (N = 6)
Control: KC1 2.5 and NaCI 1.0 mmole/kg daily
40.6 34.5 20.6 16.1 112.1 145.2 3.7 4.0 0.86 6.8 17.2
±0.7 ±1.5 ±0.7 ±1.1 ±1.0 ±1.4 ±0.1 ±0.3 ±0.08 ±0.2 ±0.5
HC1 acidosis: KC1 2.5, NaCI 1.0, and HC1 5.0 mmoles/kg daily
Day 1 47,7d 32.6 l6.4d 15.7 ll6.2 144.7 3.6 6.3 17.2
±0.9 ±2.3 ±1.0 ±0.4 ±0.7 ±1.5 ±1.1 ±0.1 ±0.3 ±0.4
Days 5 to 8 54.Od 31.7" 14.1" 6.5" 14.9 120.4" 146.1 33d 3.8 0.88 6.8 16.9
±2.2 ±1.5 ±0.6 ±0.5 ±0.9 ±1.2 ±0.5 ±0.1 ±0.4 ±0.08 ±0.2 ±0.4
Phosphate substitution: K 2.5 mEq/kg daily as neutral Pi, NaCI 1.0, and HCI 5.0 mmoles/kg daily
Day 1. 52.4 32.1 14,7g +0.6 13.8 121.7g 146.9 33f 6.7 17.0
±2.5 ±2.4 ±0.9 ±0.4 ±1.2 ±1.3 ±1.8 ±0.1 ±0.3 ±0.4
Days 5 to 8 47,6.g 32.2", 16,4e.g +2.2c 15.3 119.6 147.8 35f 3.7 0.88 6.5 16.9
±1.2 ±1.5 ±0.9 ±0.5 ±2.6 ±2.1 ±2.7 ±0.1 ±0.4 ±0.11 ±0.2 ±0.4
Group lB (N = 5)
HCI acidosis: KCI 2.5, NaCI 1.0, and HC1 5.0 mmoles/kg daily
53.0 30.0 13.7 18.7 122.2 151.4 3.3 3.8 1.01 6.5 16.7
±2.2 ±1.2 ±1.0 ±3.2 ±1.5 ±3.0 ±0.1 ±0.4 ±0.90 ±0.2 ±0.3
Creatinine buffer loading: KCI 2.5, NaCl 1.0, HCI 5.0, and neutral creatinine 5.0 mmoles/kg daily
Day 1 51.9 31.2 14.6 +0.9 16.9 122.2 150.4 3.3 6.4 16.6
±1.8 ±2.2 ±1.4 ±0.4 ±2.5 ±1.8 ±2.5 ±0.1 ±0.1 ±0.2
Days 5 to 7 47.6b 31.2 15.9c +2.2' 16.2 119.0 147.7 3.4 4.0 4.22b 6.5 16.6
±1.2 ±1.4 ±1.1 ±0.4 ±1.9 ±0.9 ±2.3 ±0.1 ±0.3 ±1.17 ±0.1 ±0.2
Abbreviations: Ha, hydrogen ion activity in arterial blood; PaCO2, CO2 tension in arterial blood.
Values are means ± SEM; mean values were tested for significant differences from the previous steady-state period (control period or days 5 to
8) and are footnoted by b, c, and " indicative of significance at the 0.05, 0.01, and 0.001 probability levels, respectively. In group 1A values during
Phosphate Substitution were also tested for differences from the original Control Period and are footnoted by , , and" indicative of significance at
the 0.05, 0.01, and 0.001 probability levels, respectively (Student's t test).
change in plasma inorganic phosphorus concentration. The se-
verity of mineral acidosis, however, was significantly attentu-
ated inasmuch as plasma bicarbonate concentration increased
significantly and blood hydrogen ion concentration decreased
significantly (Fig. 1, Table 1). In response to phosphate admin-
istration, a significant cumulative increment in titratable acid
excretion was observed and the increase was of greater mag-
nitude than the associated cumulative decrement in ammo-
nium excretion, thereby resulting in a cumulative increment in
net acid excretion. In the steady-state (days 5 to 8) of phos-
phate substitution, net acid excretion was not significantly al-
tered from the previous period (Fig, 1, Table 2).
Group lB. Effect of prolonged creatinine loading to dogs with
chronic normophosphatemic hypophosphaturia and
hydrochloric acidosis
Chronic neutral creatinine loading resulted in a similar and
significant amelioration of metabolic acidosis as that observed
in response to phosphate administration in group 1A. Plasma
bicarbonate concentration increased significantly and blood hy-
drogen ion concentration decreased significantly in association
with a cumulative increase in net acid excretion, accounted for
by an increase in titratable acid excretion (Fig. 2). In the
steady-state of creatinine administration (days 5 to 7), net acid
excretion was not significantly altered from the previous pe-
riod (Fig. 2, Table 2). Urinary creatinine excretion increased
from 4.5 ± 0.3 to 62.7 ± 7.9 mmoles/24 hr (days 5 to 7, P <
0.001).
Discussion
The results of the present studies indicate that hypophospha-
tuna induced by dietary phosphorus restriction of moderate du-
ration (1 to 3 weeks) is associated with impaired renal regula-
tion of plasma bicarbonate concentration. The findings reveal
that even when phosphorus restriction is of insufficient mag-
nitude or duration to result in frank hypophosphatemia, the
consequent hypophosphaturia can result in sufficient limitation
in urinary buffering of secreted hydrogen during metabolic aci-
dosis to attenuate the increased rate of net acid excretion and
further result in exacerbation of hyperchloremic acidosis.
It was also found in the present studies that in the steady-
state of hydrochloric acidosis group 1A dogs maintained a sig-
nificantly greater plasma bicarbonate concentration during neu-
tral phosphate supplementation than during the provision of
equivalent chloride despite a nearly identical daily systemic
load of acid requiring renal excretion indicating that phospho-
rus substitution for dietary chloride resulted in an increase in
the set point at which the kidney regulates plasma bicarbonate
concentration. That the provision of dietary phosphate in-
creased the cumulative change in titratable acid excretion to a
greater extent than the associated cumulative decrement in uri-
nary ammonium excretion resulting in a cumulative increment
in net acid excretion (Fig. 1) indicates that the kidney partici-
pated not only in the maintenance of the increased steady-state
Hypophosphaturia and metabolic acidosis 305
Table 2. Effect of substitution of dietary phosphate for chloride on urinary acid-base and electrolyte excretion in phosphorus-restricted dogs
with chronic hydrochloric acidosisa
NH4 TA HCO, Net acid Na
Pi
mEqI24 hr mmolesl24 hr
-_-
Period pH (mEq) (mmole)
K C1
mEqI24 hr
Volume
m1124 hr(mEq)
Group 1A (N = 6)
Control: KCI 2.5 and NaCl 1.0 mmoles/kg daily
6.03 32.8 1.8 2.3 32.3 2.9 15.6 44.1 62.2 927
±0.06 ±1.8 ±0.2 ±0.4 ±1.9 ±0.3 ±1.1 ±1.9 ±2.3 ±44
HC1 acidosis: KCI 2.5, NaC1 1.0, and HCI 5.0 mmoles/kg daily
Day 1 5.84 545c 2.7 Ø7b 56.6 4.1 18.7 597c 103.7° 907
±0.16 ±4.8 ±0.7 ±0.2 ±5.3 ±0.9 ±2.8 ±4.3 ±9.1 ±119
Days5to8 544" 97.9" 2.1 0.2" 99.8" 2.9 18.9 42.2 157.0" 931
±0.07 ±4.2 ±0.2 ±0.1 ±4.2 ±0.3 ±1.3 ±1.7 ±5,3 ±48
(Day 8, '.A) (+419") (+8°) (l5") (+443") (+8") (+18) (+37) (+606")
Phosphate substitution: K° 2.5 mEq/kg daily as neutral Pi, NaCI 1.0, and HCI 5.0 mmoles/kg daily
Day 1 5.46° 80.7" 1I.9'.g 0.1' 92.5g 16.3" 14.lb 30.8",' 1l0.1" 818
±0.09 ±5.7 ±1.0 ±0.0 ±6.7 ±1.2 ±1.5 ±2.9 ±5.2 ±79
Days 5 to 8 543g 88,3g 17.5d.g 0,Jg 105.8g 22,3d,g 14.0" 45.5 l07.7c.g 902
±0.03 ±5.4 ±1.1 ±0.0 ±6.4 ±1.5 ±1.3 ±3.4 ±6.2 ±66
(Day 8, A) (—82) (+ 103") (—1) (+22) (— 10°) (—29") (—13) (+26°)
Group lB (N = 5)
HCI acidosis: KCI 2.5, NaCl 1.0, and HCI 5.0 mmoles/kg daily
5.45 104.8 9.4 0.3 113.8 3.6 18.1 47.2 157.8 957
±0.08 ±4.4 ±0.5 ±0.1 ±4.5 ±0.4 ±1.0 ±1.7 ±4.9 ±49
Creatinine buffer loading: KCI 2.5, NaCI 1.0, HC1 5.0, and neutral creatinine 5.0 mmoles/kg daily
Day 1 5.17" 88.5" 25.lc 0.2 113.3 1.6" 17.1 36.5" 155.6 812"
±0.08 ±6.7 ±2.4 ±0.1 ±9.1 ±0.4 ±3.2 ±1.4 ±6.2 ±78
Days5to7 5.23" 92.4 25.8" 0.1 118.2 2.5 15.4 42.5 153.0 938
±0.05 ±5.3 ±2.6 ±0.0 ±5.9 ±0.5 ±1.6 ±2.9 ±8.3 ±69
(Day 7, A) (—83) (+ 131°) (—2) (+51) (—11") (—24") (—50°) (+5)
° Values are means ± SEM; mean excretion values were tested for significant differences from the previous steady-state period (control period or
days 5 to 8) and are footnoted by", a, and d indicative of significance at the 0.05, 0.01, and 0.001 probability levels, respectively, in group IA excre-
tion values during Phosphate Substitution were also tested for differences from the original Control Period and are footnoted by', ', and indicative
of significance at the 0.05, 0.01, and 0.001 probability levels, respectively (Student's t test). Cumulative A excretion values (IA) are calculated as
the accumulated sum of the daily differences from the previous steady-state period and are depicted by parentheses. For IA values, the symbols re-
fer to significant differences from zero. IA C1 and Pi excretion during Phosphate Substitution is corrected for change in intake and, therefore,
positive values reflect net losses into urine. IA values were not available in one dog of group IA during Phosphate Substitution.
plasma bicarbonate concentration, but was responsible, at least
in part, for the generation of augmented extracellular fluid bi-
carbonate stores. Based on a bicarbonate space of distribution
of 50% of body weight (10 liters in a 20-kg dog), the phos-
phate-induced increment in plasma bicarbonate concentration
of 2.3 mEq/liter would require a 23 mEq cumulative increment
in net acid excretion to fully account for the observed change
in plasma acid-base equilibrium. The observed cumulative in-
crement in net acid excretion was 22 mEq (Fig. 1). While these
considerations do not exclude extrarenal delivery of base into
ECF during dietary phosphate substitution, the renal acid ex-
cretory response to phosphate substitution is sufficient to ac-
count for both steady-state and transient increases in plasma
bicarbonate concentration.
It is possible that the observed renal and systemic acid-base
response to phosphate substitution occurred due to properties
of phosphate other than those associated with increased lumi-
nal buffering, for example, alterations in cellular metabolism,
alterations in intracellular pH, and cellular membrane effects,
although this possibility is considered unlikely due to the re-
sults of studies in acidotic hypophosphaturic dogs during
chronic non-phosphate buffer loading (group 1B). In group lB
chronic neutral creatinine loading in acidotic hypophospha-
turic dogs resulted in a similar renal acid excretory response
and amelioration of acidosis as that observed in response to
provision of phosphate (Fig. 2, Tables 1 and 2). Because simi-
lar effects were observed with both organic and inorganic uri-
nary buffers with differing chemical properties, the results sug-
gest that the effect of dietary phosphate to ameliorate mineral
acidosis during hypophosphaturia is due to the urinary buff-
ering properties of phosphate.
The results of the present study demonstrate that chronic ex-
perimentally induced increases in nonammonia urinary buffer
excretion effect concomitant decreases in urinary ammonium
excretion (groups IA and 1B) even when urine pH does not sig-
nificantly increase (group lA, phosphate substitution) or is sig-
nificantly decreased (group 1B, creatinine administration). The
resultant reciprocal relation between the excretion rates of net
acid buffered by nonammonia (titratable acid) and ammonia
urinary buffers is not caused exclusively by competition among
luminal buffers for a limited supply of secreted hydrogen ion
inasmuch as the provision of additional filtered neutral buffer
per se cannot account for the observed creatinine-induced re-
duction in urine pH. The mechanism for the reciprocal relation
among ammonia and nonammonia urinary buffering during
buffer repletion is particularly interesting because it is re-
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ported not to operate in response to acute phosphate loading
in phosphate-replete dogs. In the latter circumstance, acute
phosphate loads to either chronically acidotic or normal so-
dium-replete dogs resulted in unchanged ammoniurn excretion
and urine pH despite large (10- to 100-fold) increases in titrat-
able acid excretion [171. Whether the phosphate/creatinine-in-
duced reductions in urinary ammonium excretion observed in
the present chronic studies are attributable to chronicity of
buffer administration, buffer-induced decreases in ammonia-
genesis, or other mechanisms remains to be determined. The
mechanism whereby chronic creatinine loading, but not phos-
phate loading, resulted in a persistent reduction in urine pH
was also not determined.
The possibility might be considered that the stimulation of
renal acidification and amelioration of metabolic acidosis ob-
served in response to substitution of phosphate for chloride,
might be due to an increase in the delivery rate of poorly re-
absorbable anions to distal acidification sites [18; 19]. ecause
administered and filtered creatinine (pH 7.4, pK'4,9) exists
largely in the non-ionized form and because the charged spe-
cies, creatininium ion, is cationic at the urinary pH values
achieved in the present studies, nonreabsorbable anion effects
of administered creatinine are precluded. Regarding phosphate
administration, it is highly unlikely that reabsorbability char-
acteristics of this anion altered renal regulation of plasma bi-
carbonate concentration in the sodium chloride-replete state of
the present studies due to previous results which have dem-
onstrated that poorly reabsorbable anion-induced stimulation
of renal acidification is discernible only when renal sodium
chloride avidity is enhanced [14, 18—20].
The results of the present studies with substitution of neu-
tral phosphate for chloride do not permit prediction of the re-
nal and systemic response to chronic alterations in dietary acid
phosphate or to hypophosphaturia induced clinically by oral
Al(OH)3 administration during superimposed NH4C1 or HC1
loads. However, the general applicability of the present use of
neutral phosphate as a source of variation in dietary phospho-
rus is supported by the results of chronic beefsteak adminis-
tration to normal human subjects [21]. Chronic beefsteak
ingestion resulted in a large increase in endogenous acid pro-
duction (due to H2S04 and organic acids), but none of this in-
crease was attributable to the associated phosphorus load, that
is, the phosphorus load of at least one common foodstuff is ef-
fectively neutral. Further studies are necessary to elucidate the
acid-base effects of additional methods of chronic variation in
urinary phosphate excretion.
In summary the present results indicate that, when the renal
acid excretory capacity is challenged during chronic mineral
acid loading, the set point at which the kidney regulates plasma
bicarbonate concentration depends critically on normal diet-in-
duced phosphate excretion rates. That is, the kidney regulates
plasma bicarbonate concentration at a significantly lower level
in the chronic hypophosphaturic state than in the nor-
mophosphaturic state despite a systemic daily acid load requir-
ing renal excretion that is not greater. Moreover, the results
provide evidence that, by increasing net acid excretion in re-
sponse to phosphorus administration, the kidney is respon-
sible, at least in part, for the resultant amelioration of
hypophosphaturic mineral acidosis. Because a non-phosphate

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Fig. 1. Effect of chronic substitution of dietary neutral phosphate for
chloride on plasma and urinary acid-base composition in phosphorus-
restricted dogs with chronic hydrochloric acidosis (group IA, N = 6).
Shaded bars represent the daily mean change () in excretion from the
mean value for the steady-state period of potassium chloride admin-
istration. Cumulative () values represent the accumulated sum of
the daily values.
Time, days
Fig. 2. Effect of chronic oral neutral creatinine loading (5.0 mmoles/kg
daily) on plasma and urinary acid-base composition in phosphorus-re-
stricted dogs with chronic hydrochloric acidosis (group IB, N = 5).
Symbols are the same as those used in Figure 1.
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buffer (that is, creatinine) also reversed the renal acidification
defect and ameliorated hypophosphaturic mineral acidosis,
these results also provide evidence that the observed impair-
ment in renal acidification is due to deficient luminal buffering
of secreted hydrogen ion.
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